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simulated preflight on a treadmill, and then remained elevated with an 
average of 133 bpm (range: 164-102) and average maximum of 143 bmp (range: 
170-119) during the simulator sorties. The heart rate in the other hot 
condition (ABDU MOPPO) rose to moderately high levels with an average 
maximum of 100 bmp (range: 122-73) during the simulated preflight inspection 
on the treadmill, reduced after the treadmill session was completed, but 
then increased again in the simulator to an average maximum of 111 bpm 
(range: 135-91). Heavy sweat rates while in the MOPP4-hot condition (1523 
cc/hour compared to 92.2 cc/hour during the MOPPO-cool condition) led to 
significantly greater amounts of dehydration (2.25 percent compared to 0.18 
percent during the MOPPO-cool condition) over shorter periods of time. 
Compared to the least thermally stressful condition (ABDU MOPPO-cool), mean 
chest temperature was 1.52“F greater in the encumbered MOPPB-cool condition, 
1.85OF greater in the ABDU MOPPO-hot condition, and 4.68OF greater in the 
encumbered MOPP4-hot condition. The overall correlation between chest and 
core temperatures was 0.82. The encumbrance and thickness of the ensemble 
also, depending on seat position, restricted the range of aft cyclic 
movements. The results of this evaluation suggest that future rotary-wing 
aviator flight uniform components should be designed to be lighter weight 
and allow greater evaporation of sweat. Methods should be sought to improve 
fit and comfort, particularly for the mask and helmet combination, as well 
as prevent pressure discomfort over the back due to the life raft. The 11.7 
lb ballistic protective plate also should be lighter weight and reduced in 
thickness. Forced dry air microclimate cooling into the ensemble should be 
considered for reducing heat accumulation in the encumbered MOPP4 aviator 
ensemble by enhancing evaporative cooling and thereby increasing endurance 
times during hot weather operations. 
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introduction 

Military relevance 

Air Warrior is an interservice (Army, Navy, and Marines) long range research and 
development project for incrementally developing state-of-the-art rotary-wing flight 
uniforms by using an integrated soldier-system design methodology. These new- 
generation flight ensembles will be modular, mission configurable, nuclear, biological, 
chemical(NBC)-capable, and complemented with advanced life support and ballistic 
protection components (ATCOM, ORD, 1995). The primary Air Warrior goal is to 
enhance aviator effectiveness and survivability when conducting military operations in 
conditions exposing them to a variety of mission-related performance and survivability 
risks. 

The current encumbered MOPP4 over aircrew battle dress uniform (ABDU) system 
utilizes the standard ABDU as well as the battle dress overgarment (BDO). The BDO is 
worn over the ABDU to protect against chemical warfare threats. An aviation life 
support equipment (ALSE) vest and a thick laminated ballistic plate for chest protection 
are worn over the BDO. When worn together, the encumbered MOPP4 over ABDU 
flight uniform and accessory components create a bulky ensemble that significantly 
encumbers the aviator and would impair thermoregulation and heat dissipation. For this 
reason, it was necessary to quantitatively characterize the potential adverse 
physiological and psychological effects of an encumbered MOPP4 aviator ensemble in 
simulated hot weather conditions so that enhanced components can be designed with 
properties that mitigate heat stress and improve endurance, flight performance, and 
comfort. 

Principal study objectives 

The data collection portion of the this study was conducted from 25 March to 2 
August 1996 at the U. S. Army Aeromedical Research Laboratory (USAARL). It was 
implemented to fulfill the collaborative U.S. Army Aviation and Troop Command 
(ATCOM) directed objectives as indicated in the governing Statement of Work 
(USAARL, SOW, 1995). The two primary objectives of the study were the following: 

1. Develop and test a methodology for evaluating the extent to which current and 
future versions of the encumbered MOPP4 over ABDU aviator ensemble contribute to 
heat strain and affect flight performance, mission accomplishment, endurance, and 
mood states in hot versus temperate UH-60 simulator cockpit conditions. 

2. Establish a baseline heat stress effects profile for the current encumbered 
MOPP4 over ABDU ensemble against which enhanced versions of the ensemble may 
be compared as they are developed. 



Backaround 

Environmental and mission related heat stress factors 

During NBC threat scenarios, helicopter pilots must fly with doors and windows 
closed in order to minimize potential ingress of liquid or vapor chemical warfare agents 
into the aircraft cabin. Unfortunately, in areas with hot sunny weather, a closed 
unairconditioned aircraft cabin will cause increased pilot heat stress due to heat transfer 
from the environment and helicopter systems such as engine component and electronic 
modules, direct solar radiation, and the occurrence of greenhouse effects within the 
cockpit. 

The greenhouse effect involves the increase in heat stress due to absorption of 
infrared (IR) energy by the elevated concentrations of carbon dioxide and water vapor 
within an enclosed crew compartment (Considine and Considine, 1983). The majority 
of the solar energy entering a cockpit lies within the visible electromagnetic (EM) band 
and is not well absorbed by the air. Depending on the wavelength dependent 
absorptivity and transmissivity of the numerous surfaces within a cockpit, varying 
amounts of incident solar radiation can be absorbed by surface materials and personnel 
within the cockpit (Wentworth et al., 1995). The absorbed energy causes an increase 
in surface temperatures. The heated surfaces then re-emit a portion of the absorbed 
solar energy. Because surface temperatures are low (~150°F) compared to the 
effective solar temperature (10,16O”F), the reradiated energy, according to Wein’ 
displacement law (Hudson, 1969), has a significantly lower energy density (longer 
wavelength) spectrum centered in the IR band (peak at -8.5 microns). This frequency 
shift in the energy density profiles for incident and reradiated EM energy represents a 
nonlinear effect of the cockpit and crew surfaces on incident solar radiation. 

Because of the greenhouse effect, a closed cockpit in hot weather conditions without 
a cockpit cooling system (not currently available for the UH-60) will result in internal dry 
bulb temperatures that are significantly greater than when flying with the doors and 
windows open. The humidity within a closed, or poorly ventilated, cockpit will be 
greater than outside humidity due to an accumulation of water vapor from breathing, 
transcutaneous water losses, and evaporation of sweat. The combination of increased 
dry bulb temperature and humidity, as well as reduced airflow, results in a significant 
increase in cockpit wet bulb globe temperature (WBGT) above the external, or ambient, 
WBGT. 

Thornton and Guardiani (1992), for example, determined that during summer flights 
within a closed hovering UH-60, there was an average 5°C (9°F) increase in cockpit 
WBGT relative to the external WBGT device which typically recorded -30°C (86°F). 
Although outdoor humidities were not measured, within the closed cockpit the humidity 
was generally between 40-60 percent. Incident radiation at the level of the pilot’s head 
averaged 650 watts/mete?. 
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An earlier study (Breckenridge and Levell, 1970) conducted during the summer at 
the Hunter Army Airfield in Georgia, revealed even more serious greenhouse effects 
(IO-20°F increases in cockpit vs external WBGTs) within the closed cockpit of an AH- 
IG helicopter. Internal dry bulb temperatures often were between 130-135°F. Cockpit 
humidity was not reliably measured but 45 percent was considered representative. 
Also, radiant heat load was not directly measured. One of the conclusions of the study 
was that even if pilot metabolic rates are as low as 135 watts, heat accumulation will 
occur when cockpit WBGT reaches or exceeds 80°F. 

Since the WBGT has been validated as an indicator of physiological heat stress, 
elevated WBGTs in closed cockpits are associated with a greater degree of aircrew 
heat strain compared to the lower WBGTs that occur when flying with windows and 
doors open. Measurable physiologic and psychological strain occurs in individuals 
exposed to thermally stressful conditions. Excessively intense or prolonged heat stress 
exposure will eventually lead to a spectrum of different heat illnesses (e.g., Kerstein et 
al., 1984) or even sudden collapse with few if any premonitory symptoms (Mitchell, 
1991). 

Prior to conducting this study, the thickness and occlusiveness of the current 
encumbered MOPP4 ensemble was presumed to impose considerable resistance to 
transfer of heat energy from the aviator to the environment. It was expected that it 
would partially or totally impair the transport and evaporation of sweat through the 
uniform, particularly over parts of the body, such as the chest, that would be covered 
with the protective ballistic plate. Additionally, the weight and encumbrance of the 
BDO, protective mask and hood, ALSE vest, and ballistic protection plates was likely to 
hinder certain movements and possibly increase the basal metabolic rate. It was also 
expected that the rate that air is pumped through the uniform also would be reduced. 
Therefore pilots wearing the encumbered MOPP4 ensemble, were considered likely to 
experience reduced convective and evaporative cooling capability as compared to 
aviators wearing just the ABDU and ALSE vest without the additional components of 
the encumbered MOPP4 ensemble. 

Review of thermal stress physiology 

Heat stress induces many complex and interrelated compensatory physiological and 
biochemical thermoregulatory changes or adaptations which are collectively termed 
heat strain (Wyndham, 1973). The overall effect of properly functioning heat strain 
responses is dissipation of excess heat energy that accumulates within body 
compartments (blood, brain, muscle, abdominal organs. etc). 

The efficiency of thermoregulation may be adversely affected by environmental 
conditions, uniform, and aviator characteristics. Ambient humidity may also be 
sufficiently great that sweat can not completely evaporate before it falls off the skin onto 
the ground or into the clothing. Excessive insulation and low permeability of uniform 
components to sweat will cause increased resistance to heat transfer from skin to 
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ambient air. Individual aviator factors that can impair thermoregulation include health 
status, dehydration, medications, and skin condition. 

It is a basic biophysical principal that core temperature increases in proportion to the 
amount of heat energy stored within body tissues and fluids. The proportionality 
constant for this biophysical relationship is the body’s average specific heat capacity 
which is normally 3.49 kJ/(kg*C). If endogenous or exogenous factors cause heat 
storage within the body, core temperature increases and compensatory protective heat 
dissipating processes are progressively activated. The primary thermoregulatory 
processes include sweating, peripheral vasodilation, increased cardiac output, and 
shunting of blood flow from visceral organs to the skin and the working muscles 
producing heat. Sweating rate, heart rate, blood pressure, and other physiological 
measures comprise the readily measured physiological reactions to heat stress; i.e., the 
clinically detectable components of heat strain. Other heat strain effects, such as 
elaboration of protective heat shock proteins (Schlesinger and Collier, 1991) occur at 
the cellular and biochemical level and require blood tests or other methods for 
detection. 

In addition to environmental factors, elevated metabolic rate is usually an important, 
or sometimes the primary, cause of core temperature elevation. However, even a low 
metabolic rate; e.g., associated with sedentary activities in an environmentally 
uncompensable heat stress situation, can lead to inexorable elevations in core 
temperature and eventually heat illness. If heat accumulation due to storage of thermal 
energy from metabolic processes equals or exceeds the body’s maximum heat 
dissipating capability, core temperature will not reach a tolerable equilibrium but will rise 
continuously in direct proportion to the duration and intensity of the work rate. In other 
words, in such circumstances, the slope of the core temperature profile is a function of 
the metabolic rate. For these situations, endurance can be extended by using work- 
rest cycles, engineering controls to improve work efficiency, microclimate cooling, or 
relocation of the activity to a cooler location. 

Metabolic rates for routine flight maneuvers in military helicopters are rather low 
(100-200 watts) (Thornton et al., 1984). This range of metabolic rates places such 
activity in the category of very light to light physical work. Therefore, for most 
circumstances, the contribution of metabolic rate to core temperature elevations in 
helicopter pilots in hot conditions will be relatively small over a short period of time. 
However, if the ambient or cockpit conditions are sufficiently hot, core temperature may 
progressively increase anyway, due to high rates of passive heat gain, to levels that 
can impair performance and cause heat illness. 

Depending on a variety of factors, thermoregulatory responses to heat stress may 
have complete, partial, or no beneficial effect. Thermoregulatory effectiveness is a 
function of the balance between external and internal (metabolic rate) heat gain as well 
as the capabilities and limitations of the heat strain mechanisms. Completely effective 
thermoregulatory responses to heat stress will prevent core temperature from rising 
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above normal. indicators of heat stress in such circumstances will consist of elevated 
heart rate, increased skin blood flow, and sweating. When exposed to compensable 
heat stress conditions, heat storage occurs initially, but the rate of heat storage is 
eventually reduced to zero by negative feedback thermoregulatory mechanisms. This 
results in a core temperature profile which asymptotically approaches a tolerable, but 
elevated, steady-state level. 

Heat stress may be sufficient to overwhelm an individual’s maximum 
thermoregulatory capabilities (which may have been reduced or below average due to 
dehydration, illness, or other stressors). This type of situation indicates the presence of 
uncompensable heat stress. In such circumstances, core temperature will inexorably 
rise beyond tolerable levels. Thermoregulatory mechanisms tasked to their maximum 
may delay but not prevent this inevitable outcome. Eventually the individual will be 
incapacitated by the adverse effects of increasing heat storage and rising core 
temperature. If this type of thermally oppressive environment cannot be avoided by 
modifying the mission, an effective strategy for maintaining survivability and sustaining 
performance is the use of macroclimate (air conditioning) or microclimate (personal) 
cooling devices. 

Data from previous heat stress studies indicated that the hot environmental condition 
used in this study; i.e., 37.8% (100°F) dry bulb temperature and 50 percent relative 
humidity (RH), would likely impose marginally compensable heat stress for our 
volunteers. That is, it was very likely that aviator volunteers with lower than average 
thermoregulatory capabilities would exceed their physiological and psychological heat 
stress tolerance levels. Biophysical coefficients for the encumbered MOPP4 ensemble 
with the ALSE survival armor recovery vest, insert and packets (SARVIP), and ballistic 
protective components were not available to allow the use of heat strain models to 
accurately predict heat stress tolerance times. 

In Thornton’s heat stress study (1992), the aviators wearing the MOPP4 aircrew 
integrated battledress uniform while exposed to environmental conditions of 350°C 
(95°F) and 50 percent RH reached core temperatures of ~38% (100.4”F) after 2 hours 
into the scenario. At that point, core temperatures diverged. One group of test subjects 
had a progressive increase in core temperature to -39C (102.2”F) at 4 hours while the 
others remained at about -38°C (100.4”F). Therefore, the heat stress scenario was 
compensable for some test subjects, while for others it was not. 

Variability in heat stress tolerance for a given scenario is related to individual 
differences in factors that affect the efficiency and maximum capabilities of the various 
heat dissipating mechanisms. Thermoregulatory efficiency is affected by adaptive (or, if 
training is deficient, potentially maladaptive) behavioral responses, body morphology, 
condition of skin and sweat glands, cardiovascular conditioning, hydration, fatigue and 
sleep loss, nutrition, medications, and illnesses. Factors which improve 
thermoregulatory efficiency decrease core and skin temperature thresholds for initiation 
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of thermoregulatory responses and increase the sensitivity or rate of change of these 
responses with respect to increases in core temperature. 

An effective method for increasing thermoregulatory capacity and efficiency is heat 
stress acclimatization (Wenger, 1988). For scenarios consisting of comparable 
amounts of heat stress, clothing, and metabolic rates, heat stress acclimatization 
results in earlier onset and more rapid recruitment of thermoregulatory responses. 
Successful acclimatization results in earlier onset and increased rates of sweating, 
decreased heart rate, and decreased core temperature for a specific combination of 
environmental condition, work rate, state of hydration, and type of clothing. Heat 
acclimatization also results in decreased sweat sodium concentrations (Allan and 
Wilson, 1971). The numerous beneficial effects of heat acclimatization may effectively 
convert an uncompensable heat stress situation into one that is at least partially 
compensable. 

The time required to fully acclimate to heat stress when starting from an 
unacclimated condition depends on the health and fitness of the individual. Those with 
high levels of physical fitness can acclimate rapidly (Pandolf et al., 1977). Three to five 
days of graded intensity exercise in hot conditions will achieve most of the beneficial 
acclimatization effects. Additional residual benefit continues to occur over the ensuing 
1 to 2 weeks. For those whose physical fitness is less than average, acclimatization 
typically occurs at a more gradual pace over 10 to 14 days. Studies have 
demonstrated that artificial acclimatization can be as effective physiologically as 
acclimatizing naturally by training or doing one’s usual work outdoors. Two 50-minute 
training sessions per day in moderately hot conditions (e.g. lOO”F, 20 percent RH) for 1 
to 2 weeks has been found to be sufficient for acclimatizing healthy soldiers. Activity 
level during acclimatization should be sufficient to elicit sweating and moderate 
increases in heart rate. If during acclimatization, signs of excessive heat stress occur, 
the activity level or environmental conditions should be reduced to be increased again 
more gradually over the course of several days. 

Various studies have demonstrated that military chemical defense (CD) over- 
garments significantly impair thermoregulation in hot environmental conditions. 
Chemical defense ensembles invariably have high insulation values and low water 
vapor permeability (Gonzalez, 1988). The high thermal resistance lowers the rate of 
transfer of heat energy for any given temperature gradient across the thickness of the 
material. 

Low water vapor permeability values for CD ensembles such as the BDO quantify the 
resistance to transport of evaporated sweat through the layers of fabric. In heat stress 
conditions, low water vapor permeability causes the air layer between the skin and 
inner surface of a CD ensemble to rapidly become saturated with sweat vapor. As the 
relative humidity in this air layer increases, its water vapor pressure increases and 
begins to approach the vapor pressure of the film of sweat on the surface of the skin. 
As this occurs, the net evaporation of sweat decreases and approaches zero. However, 
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vigorous sweating typically continues despite its inability to evaporate due to the 
saturated microclimate space between the skin and the inner surface of the 
overgarment. Unevaporated (retained) sweat accumulates in the dependent parts of 
the CD uniform such as boots, gloves, and CD mask. Because the unevaporated 
sweat has not been used for cooling, it is in a thermoregulatory sense wasted, 
contributing only to dehydration. 

Complete evaporation of 1 liter of sweat provides 580 KCal of surface cooling. When 
ambient temperatures exceed body temperature, evaporation of sweat is the only 
effective method of dissipating body heat (Sawka and Wenger, 1988). Effective sweat 
evaporation rates, as determined by the rate of evaporation of sweat through the outer 
surface of a uniform, determines the evaporative cooling power available to the 
individual. It is apparent, therefore, that actual and effective sweating rates may differ 
considerably. 

Effects of heat stress and CD protective ensembles on Army aviators 

Several studies similar to this one have previously been done at USAARL. In the 
early 1980’s Knox et al. (1983) evaluated the physiological, psychological, and flight 
performance effects of aviators wearing a MOPP4 ensemble while flying USAARL’s 
UH-1 helicopter during hot summer weather. Thornton et al. (1992) completed a heat 
stress evaluation of a more recent Army aviator MOPP4 ensemble using USAARL’s 
UH-60 simulator. Further description of these studies, along with enumeration of salient 
results and comparisons with findings from this study, are included in the Discussion 
section below. 

Methods and Drocedures 

Study design 

This UH-60 simulator-based heat stress study utilized a 2 by 2 factorial (two main 
factors with two levels each), repeated measures, partially counterbalanced, and 
unblinded design using military helicopter pilot volunteers. The calculated minimum 
sample size to detect flight performance changes across the four test conditions was 
eight crews based on an a=O.O5, 8=0.20 and variance in composite flight scores 
obtained from previous USAARL UH-60 simulator studies. The study was designed to 
evaluate the direct and interaction effects of two types of aviator uniform (MOPPO 
ABDU vs. the current encumbered MOPP4 aviator ensemble) and two cockpit thermal 
conditions (cool vs. hot) on flight performance and physiologic responses in the 
environmentally controlled USAARL UH-60 simulator. 

Four different test conditions were required per test subject (cool and hot while 
wearing both the ABDU and encumbered MOPP4 uniforms). If the two different flight 
uniforms had only been tested in the hot condition, it would not have been possible to 
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determine whether differences in flight performance and physiological parameters were 
due entirely to heat stress, entirely to the type of ensemble, or to a combination of these 
two factors. 

Counterbalancing the order of the conditions within the test subject group was done 
to help control for order and carry-over effects. lntrasubject counterbalancing did not 
apply for this study because all study volunteers were exposed to each test condition 
only once. Counterbalancing can be categorized as complete, incomplete, and 
randomized. Since we had fewer volunteer aviators than possible testing sequences, it 
was necessary to use incomplete counterbalancing (Christensen, 1985). The volunteer 
aviators were assigned to the four different sequences in order of arrival with repetition 
of the sequences in a cyclic order until all test subjects had been assigned to a testing 
sequence (table 1). 

Environmental conditions 1 

The cool simulator condition consisted of a dry bulb temperature (Tdb) of 70°F 
(21.1 “C) and 50 percent RH. The hot condition utilized a T,, of lOO”F(37.8”C) and 50 
percent RH. The WBGT values for the two conditions in the simulator included the 
effects of radiant energy emitted by three 250 Watt heat lamp bulbs situated in the roof 
above each pilot’s helmet (see last page of appendix H for a graph of the spectral 
output). Consistent with the Thorton (1992) study, the rheostats for the overhead bank 
of heat lamps in the simulator were set at 50 percent. Conditions in the environmental 
chamber during the 20-minute simulated preflights had the same temperature settings 
as the simulator but lower relative humidity (20 percent). It was not feasible to install 
heat lamps in the environmental chamber. Humidity in the UH-60 simulator was set at 
a higher value to emulate the increase in humidity that occurs when doors and windows 
are closed in an actual UH-60 operating in hot-dry desert conditions. 

Flight uniforms 

Table 2, which lists the components of the two aviator ensembles utilized in this 
study, is followed by figure 1, which depicts test subjects wearing the encumbered 
MOPP4 flight uniform components. Table 3 provides the average total and component 
weights for each of the two tested aviator uniforms. 
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Table 1. 
Incomplete Counterbalancing of Test Conditions 

Test Session #1 Test Session #2 Test Session #3 Test Session #4 

TEST Uniform Uniform Uniform Uniform 
SUBJECT # Environment Environment Environment Environment 

I l&2 1 ABDU-Mod ) MOPP4-Mod 1 MOPP4-Hot 1 ABDU-Hot 

3&4 MOPP4-Mod ABDU-Hot ABDU-Mod MOPP4-Hot 

5 ABDU-Hot MOPP4-Hot MOPP4-Mod ABDU-Mod 

6&7 ABDU-Mod MOPP4-Mod MOPP4-Hot ABDU-Hot 

S&9 MOPP4-Hot ABDU-Mod ABDU-Hot MOPP4-Mod 

lO& 11 MOPP4-Mod ABDU-Hot ABDU-Mod MOPP4-Hot 

12 & 13 

14& 15 

ABDU-Hot MOPP4-Hot 

MOPP4-Hot ABDU-Mod 

MOPP4-Mod ABDU-Mod 

ABDU-Hot MOPP4-Mod 

16 & 17 ABDU-Mod MOPP4-Mod MOPP4-Hot ABDU-Hot 
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The rectal thermistor has proven to be quite safe when used by test subjects who are 
healthy and do not have inflammatory bowel or rectosigmoid diseases or strictures. 
Prospective volunteers were medically screened to detect criteria precluding use of the 
rectal thermistor, such as a history of abdominal surgery, recent rectal bleeding, rectal 
fissures, painful hemorrhoids, history of inflammatory bowel disease, or other 
rectosigmoid problems. Other exclusionary criteria relating to the use of rectal 
thermistors include diagnoses of AIDS, hepatitis B, or recent hazardous infectious 
diarrhea1 diseases. None of the volunteers in this research study had exclusionary 
conditions. 

Each rectal thermistor was tagged with the test subject’s number. Between use they 
were maintained in a separate plastic tube of Mint-A-Dish Disinfectant *. Prior to each 
study session, the rectal thermistor was removed from the disinfectant soak, washed off 
under a water faucet, and dried with a paper towel. Each thermistor was checked for 
rough edges or signs of excessive bending and wear. We had one rectal thermistor 
that began giving erroneous temperature readings prior to a test session. Inspection 
revealed a break in the plastic, so it was discarded and replaced with another pre 
calibrated thermistor. 

A disposable CorTemp* ingestible core temperature pill was also used to monitor test 
subjects’ core temperature. A copy of the product brochure is included in appendix H. 
The temperature pill was about the size of a large multivitamin capsule. It had a 
smooth, but tough, silicon plastic exterior to facilitate swallowing it. The core 
temperature pill emitted a weak radio signal that was received by a flexible antennae 
harness that was strapped around the chest. The pill’s effective range (about IO-12 
inches) was limited by the pickup capability of the antennae and data recorder. The pill 
could transmit for up to 200 hours, however, transit time through the gastrointestinal 
tract superseded battery life. 

The receiver antennae was worn over a t-shirt, and its output attached to a portable 
data recorder. The data recorder displayed the transmitted core temperature for real- 
time temperature monitoring. Since unfiltered core temperature pill data was 
occasionally quite erratic with unrealistic discontinuities, rectal thermistor readings were 
used for assessing compliance with the core temperature limits (Bruckart et al., 1992). 

Stephenson et al., (1992) found that core temperature data obtained with the 
CorTemp* pill system was similar in responsivity to esophageal core temperature 
readings. That is, the core temperature pill reacted more rapidly to changes in work 
intensity than the rectal thermistor. However, since test subject metabolic rates in the 
simulator did not vary much, the difference in responsiveness between core profiles 
obtained with rectal versus ingested pill was not as apparent as it was in other studies 
using intermittent exercise in hot conditions. The core temperature pill data from 
Stephenson were generally more variable from measurement to measurement due to 
frequent signal transmission and reception problems, electromagnetic interference, and 

16 



natural differences in temperatures throughout the intestinal tract. For example, hepatic 
temperatures can be I-2°F higher than other intra-abdominal viscera. 

Contraindications to use of the core temperature pill included: body weight less than 
80 pounds, obstructive diseases of the gastrointestinal (GI) tract, inflammatory bowel 
disease, history of intra-abdominal surgery, impaired gag reflex, esophageal disorders, 
or hypomotility of the GI tract (HTI, 1991). Additionally, while a core temperature 
telemetry pill is within the body, the individual should not undergo magnetic resonance 
imaging (MRI) because the strong radio frequency pulses used during MRI theoretically 
could disrupt and/or overheat the pill’s small silver-oxide battery which could cause 
irritation and chemical burns of the intestinal tract if it were to rupture. Elemental silver 
is also toxic if absorbed in significant quantities. 

Measurement of skin temperature 

Skin temperature was measured with YSI 400 series * surface thermistors which 
were held in position with collodion. These thermistors were placed over the anterior 
chest (Tchest), upper arm (T,,), outer thigh (Tthigh)t and outer calf (T,,J_ A weighted mean 
skin temperature(T,,) was calculated using the following formula (Ramanthan, 1964): 

Tsk = 0.3 Tche,t + 0.3 Tam + 0.2 Tthigh + 0.2 Ta,r 

These sensors were applied to the appropriate locations on the skin prior to each 
study session. The collodion affixed the sensors securely to the skin to prevent 
separation caused by sweating. The skin was inspected daily to avoid placing these 
sensors on any lesions and to detect any evidence of sensitization to metallic ions from 
the sensors due to immersion in sweat. After each use, the sensors were cleaned and 
allowed to air dry. 

Measurement of dehvdration 

Pre- and post-study session, total undressed and dressed weights were obtained in 
order to determine the amount of cumulative dehydration and sweating that occurred 
during each test session. 

At the beginning of each test session, the volunteer aviators first urinated and then 
obtained a nude weight. They self-inserted the rectal thermistor. A technician then 
applied the skin temperature and ECG sensors. Next, the test subjects donned the 
appropriate ensemble, and a dressed weight was obtained. Before and after each test 
session, fluids and snack foods were individually weighed. Voided urine was also 
collected and weights recorded. At the end of each day’s test session, a fully clothed 
weight was again obtained. The ensemble was then removed and a post-session nude 
weight obtained. Body weight and fluid data were recorded on a form (appendix F) 
which facilitated subsequent analysis. 
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Dehydration was calculated by using the term: 1 OO*[(weight-t loss + weight,,,,,,,,,, - 

weighLa,er) / Weightinitial nd- S weat loss estimate was obtained from the term: (weightinitial 

nude - weight,, nude) + WWka~er + weigh&,,, - weight,,,,). Total sweat loss minus 
evaporated sweat permitted assessment of the amount of sweat retained in the 
ensemble. For each test session, we were able to determine total amounts of sweat, 
sweat rates, amount of sweat evaporated, and amount retained in the uniform. 

Psychological 

Mood and svmDtoms 

A twelve-question mood and symptoms questionnaire developed for this study was 
administered before and approximately every 30 minutes after the volunteer pilots 
began the treadmill session in the environmental chamber (appendix E). Using a O-IO 
Likert-type scale (O=none, 1 O=maximum), the volunteers assessed their sensation of: 
headache, nausea, stress, anger, depression, energy, heat stress, thirst, workload, 
boredom, dizziness, and visual difficulty. Hot spot locations and intensities were also 
reported. 

Profile of mood states (POMS) 

The POMS was also used to measure changes in various components of the 
volunteers’ mood. The POMS is a list of 65 questions utilizing a 5point adjective rating 
scale. It provides a statistically derived factor inventory as a method of identifying and 
assessing transient and fluctuating affective states (McNair, Lorr, and Droppleman, 
1981). The POMS scoring process produces one total mood disturbance score and 
subscores for six mood categories (tension-anxiety, depression-dejection, anger- 
hostility, vigor-activity, fatigue-inertia, and confusion-bewilderment). The POMS was 
administered in the test subject preparation room prior to the simulated preflight (pre- 
test) and again in the recovery/cool-down room immediately after completing each 
simulator session. 

Task load index (TLX) 

The NASA TLX, developed by the Human Performance Research Group at the 
NASA Ames Research Center (Hart and Staveland, 1988), was administered to the 
right-seat pilot at the completion of each set of standard maneuvers and to the left-seat 
pilot immediately after completing each IO-minute Multi Attribute Task Battery (MATB) 
performance test. Using a O-20 Like&type scale, the volunteers provided their 
assessment of the following sensations: mental demand, physical demand, temporal 
demand, own performance, effort, and frustration. 
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Sequence of events in the studv 

On their first day, volunteers received a detailed briefing regarding the study, read 
and signed the informed consent, and were medically screened for any evidence of 
illness or excess risk. Female volunteers were negative on a serum pregnancy test 
obtained as part of the medical evaluation. The aviator volunteers participated for 2 
consecutive weeks. The first week was for uniform and helmet fitting, simulator and 
MATB training, and heat stress acclimatization in the environmental chamber. During 
the second week (test week), the aviators completed four test sessions, one session 
per day for 4 consecutive days (Mon-Thurs). 

Ambient conditions in the environmental chamber during acclimatization were 100°F 
and 20 percent RH. The test subjects walked on a treadmill at 3 mph and 0 percent 
grade for two 30-minute intervals separated by a 10 minute rest break. After most 
acclimatization periods in the environmental chamber, the test subjects then entered 
the UH-60 flight simulator for a 2-hour training flight with ambient conditions in the cabin 
increased daily from 90°F and 50 percent RH to 100°F and 50 percent RH. These 
simulator sessions provided additional acclimatization as well as familiarization with the 
two flight scenarios, the MATB computerized performance test, and questionnaires. 

During their second week, test subjects arrived each day at approximately 0700 
hours, were assisted in the application of physiological sensors (rectal thermistor, core 
temperature pill, skin temperature sensors, and ECG leads), and donned the 
designated flight ensemble for that day (figure 5). The volunteers then entered the 
environmental chamber where they walked on treadmills at a 3 mph pace with 0 
percent grade for 20 minutes to simulate the metabolic expenditure of a preflight 
inspection of a UH-60. After completing the 20-minute simulated preflight inspection, 
the two volunteer aviators walked a short distance down several short corridors to the 
USAARL UH-60 simulator. Pre- and posttest weights and fluid intake and output were 
measured and core temperature and heart rate were monitored every 10 minutes with 
adherence to physiological limits as approved in the research protocol (core 
temperature limit of 102.56”F, or 39.2”C, and heart rate not to exceed 90 percent of 
age adjusted predicted maximum). 

Each simulator flight session during the test week consisted of two 2-hour scenarios 
(air assault and medical evacuation, respectively) with an intervening 1 O-minute 
simulated hot refueling break. Every 30 minutes during the simulator session, the right 
seat pilot encountered IMC conditions and flew a IO-minute set of standard flight 
maneuvers. During the simulator flights, the data acquisition systems collected flight 
performance and physiological data. When subjective or objective indicators suggested 
that test subject tolerance limits were about to be reached, the volunteer pilots were 
instructed to make a simulated landing and one or both test subject(s) were assisted 
out of the simulator. 
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While the right seat pilot was flying the set of standard maneuvers, the left seat pilot 
was simultaneously using a stowable laptop computer and joystick to take a IO-minute, 
moderate difficulty level, MATB performance test. The mood and symptoms 
questionnaire was also administered approximately every 30 minutes during the entire 
test session. 

Results 

This section provides primarily a general overview of main results supported with 
graphical presentations of summary statistics. Tables of additional statistics are 
included in appendix A, and the extensive results of multivariate hypothesis testing 
procedures, such as multiple analysis of variance, analysis of variance, and multiple 
correlations are provided in appendix B. 

The sample size (or ‘In”) for the various results differed according to the particular 
variables evaluated. For example, core temperature, heart rate, and fluid balance data 
were obtained for all test subjects. However, fluid balance data for the first four test 
subjects were identified as incorrect due to specific problems which were subsequently 
corrected. The defective data, therefore, were excluded from the weight and fluid 
balance results. Flight performance and MATB data were obtained only on odd and 
even numbered test subjects respectively. 

Multivariate analysis of variance (MANOVA) was performed on sets of related 
physiological and questionnaire variables and the main factors (environmental 
conditions and type of ensemble). MANOVA was used to determine whether there was 
an overall effect of its conditions on mean responses. Repeated measures analysis of 
variance (ANOVA) was the primary statistical procedure used to determine whether 
means for response variables were significantly different across the two levels for each 
of the main factors. 

For ease of interpretation, all ANOVA results tables list means for each variable 
across the test conditions and the resulting F and p statistics for both main effects 
(environmental temperature setting and type of flight uniform) and interaction effect 
between the levels of the main factors. The customary ~~0.05 criteria served as the 
decision threshold for rejecting null hypotheses that differences in means were due 
exclusively to chance or uncontrolled random effects. 

In the following enumeration and discussion of findings, the associated F and p 
values, along with corresponding degrees of freedom for MANOVA and ANOVA results, 
are not enumerated because they are provided in the appropriate tables of appendix B. 

Since there were only two levels within the two main factors, ANOVA post-hoc 
testing was not necessary. The means and p-values in the ANOVA results tables are 
used in conjunction with each other to determine the magnitude and direction of 
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differences in mean responses for variables across the different levels of the two 
factors. Significance for only the environmental temperature factor indicates that 
differences in means were only associated with differences in environmental 
temperature but not the different flight uniforms. Likewise significance for a variable for 
only the uniform factor indicates that differences in mean responses were only 
associated with type of uniform but not with the different temperature conditions. 
Significance for interaction between temperature and uniform indicates that the relative 
magnitude of the responses for the temperature conditions were significantly different, 
or in some cases, even reversed across the two tested aviator uniforms. 

Test subjects 

Fourteen aviators between the ages of 27 and 50 (mean 35.6 years) participated in 
this study. No volunteer had an exclusionary medical condition. Each of the 14 
completed at least 1 week of actual testing. Three test subjects volunteered for an 
additional test week. Therefore, there were 14 distinct test subjects, but 17 test subject 
numbers. Two of the volunteer aviators (14.2 percent) were female pilots. Four 
aviators (28.6 percent) had previously participated in other USAARL studies. There 
were 3 officers and 11 warrant officers. Four (28.6 percent) volunteers were from the 
Army National Guard, the remainder (77.4 percent) were from various CONUS and 
OCONUS active duty Army aviation units. 

Ten (71.4 percent) of the aviators were UH-60 rated; the remainder were rated in 
various other helicopters. Average total career flight time was 
with an average of 452 (o-1800) total hours flying UH-60s and 
total hours in UH-60 simulators. 

1453 (320-2800) hours 
an average of 69 (o-300) 

Test subject average height and weight was 70 inches and 170 pounds. 
Performance results for their most recent PT test included: average score of 261 (209- 
300) with an average of 55 pushups, 63 situps, and 17.52 for the 2-mile run. The 
average self-rated effort for their most recent PT test was 92 percent of perceived 
maximum possible effort. These data indicated that the test subjects, as a group, were 
in good physical condition. 

Average number of hours of NBC training over the preceding 1 and 5 years was 0.64 
(O-3) and 8 (O-52) hours, respectively. They also had an average of 1.28 (O-6) hours of 
heat illness prevention training 
figure 6. 

over the preceding 2 years. For illustrated details see 

Environmental conditions 

Mean simulator cockpit temperatures and humidity across the four test conditions are 
displayed in figure 7. Those statistics confirm that there were no significant differences 
in measured versus target values for either the temperature or humidity (7O”F, 50 
percent RH and IOO’F, 50 percent RH) across the two different flight uniforms (MOPPO 
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ABDU and encumbered MOPP4 over ABDU). Measured cockpit WBGT was 70°F 
(21 .I “C) for the cool condition and 90°F (32.2”C) for the hot condition. To confirm that 
the actual environmental conditions were as specified, ANOVA was performed on mean 
(to each test session) cockpit temperatures and humidity. These were the target 
values, therefore, providing evidence of close control of the environmental conditions 
during the study. 

Physiological results 

Endurance 

None of the volunteer aviators were able to complete even the first of the two 2-hour 
sorties while fully encumbered in the lOO”F, 50 percent RH condition. However, in the 
other three conditions, all the aviators completed the entire two sortie missions. The 
average endurance times in the encumbered MOPP4 - hot condition was 107 (152-40) 

minutes whereas in the other three conditions it was 309 (347-288) minutes. The 
aviators in the MOPPO cool, MOPPO hot, and MOPP4 cool could have continued; 
however, the study was not designed to determine maximum possible endurance in 
those conditions (figure 8). 

Heart rate 

With the aviators in the encumbered MOPP4 over ABDU ensemble in the hot 
condition, heart rate rose rapidly to an average maximum of 142 (170-I 19) beats per 
minute (bpm) during the simulated preflight on the treadmill and then remained elevated 
with an average heart rate of 133 (164-I 02) bpm and average maximum of 143 (I 70- 
119) bpm during the simulator session. The heart rate in the other hot condition 
(MOPPO ABDU) rose to moderately high levels with an average maximum of 100 (122- 
73) bpm during the simulated preflight inspection on the treadmill, reduced after the 
treadmill session was completed, but then increased again in the simulator to an 
average maximum of 111 (135-91) bpm (see figures 9 and 10). 

During the ABDU MOPPO 70°F condition, the average maximum heart rate during 
the simulated preflight was 107 (136-91) bpm and during the simulator sorties 88 (105 
73) bpm. Likewise, for the encumbered MOPP4 70°F condition, the average maximum 
heart rate during the simulated preflight was 127 (169-84) bpm and during the simulator 
sorties 110 (156-78) bpm. 

As indicated in appendix B, preflight, simulator flight, and overall average heart rates 
showed significant main effects for temperature and type of flight uniform. Mean heart 
rates while in the simulator were substantially higher for the hot and encumbered 
MOPP4 conditions. There was also an interaction effect between the hot condition and 
the encumbered MOPP4 ensemble on heart rate while the volunteer aviators were in 
the simulator but not during the simulated preflight. This interaction was due to a much 
larger increase in heart rate for the hot ver;? cool condition in the encumbered 



Figure 7. ANOVA results for UH-60 simulator temperatures and relative humidity. 
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Figure 9. Average heart rate profiles. 
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Figure 10. Average and maximum heart rate charts. 
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MOPP4 ensemble compared to a lesser heart rate increase for the hot versus cool 
condition with the aviators wearing ABDUs. 

Figure 11 shows average rate of heart rate changes with respect to time for the four 
different test conditions. The most rapid increase in heart rate for all the test conditions 
occurred during the simulated preflight walk on the treadmill in the environmental 
chamber. Heart rate decreased rapidly after getting off the treadmill. Heart rate during 
the simulator sessions did not fluctuate much. There was a small amplitude oscillation 
about baseline heart rates while the volunteer aviators were in the simulator. 
Comparison of the oscillatory pattern with the flight profiles indicates that heart rate 
increased above baseline during NOE and contour flight segments and decreased 
slightly while flying the set of standard maneuvers or taking the MATB computer 
performance test. 

Core temperature 

Figures 12 and 13 illustrate the rapid core temperature increase (mean increase of 
0.73”F/hr) in the hot condition with the pilots wearing the encumbered MOPP4 
ensemble. In that condition, none of the pilots were able to complete the first 2-hour 
mission (air assault profile) due to voluntary withdrawal (n=l) or one of the crew 
reaching the core temperature limit of 102.6”F (n=8). The other pilots in the crews had 
elevated core temperatures that were also close to reaching the permissible limit of 
10256°F. It is estimated, based on rate of core temperature increases, that they could 
not have continued for more than IO-15 additional minutes before reaching their core 
temperature limit. 

Core temperature increased, but at a significantly slower rate, in the hot condition 
while wearing the lighter weight and more permeable MOPPO ABDU flight uniform 
(0.33”F/hr). In the cool (70°F) condition, while the test subjects walked on the treadmill, 
the encumbered MOPP4 uniform caused an initial moderate, but tolerable, increase in 
core temperature. After transfer to the simulator, where metabolic rates declined to 
near baseline, the core temperature gradually returned to normal (appendix A). 

Average maximum core temperatures in the simulator were 99.68”F for the MOPPO- 
cool condition, 9956°F for the encumbered MOPP4-cool condition, 99.84”F for the 
MOPPO-hot condition, and 102.01 “F for the encumbered MOPP4-hot condition. 

During the simulated preflight, the average calculated (Epstein et al. 1987) metabolic 
rate while wearing the ABDU uniform was 357 watts and 426 watts for the encumbered 
MOPP4 ensemble (appendix A). At least partly because of the higher metabolic rate 
associated with wearing the encumbered MOPP4 ensemble, core temperatures were 
significantly higher for that ensemble when averaged across the two environmental 
temperature conditions (statistically significant main effect for type of flight uniform). 
Average and maximum core temperatures during simulator sessions showed 
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Figure 12. Average core temperature profiles. 
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Figure 13. Average and maximum core temperature charts. 
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statistically significant effects for both environmental temperature and type of uniform, 
along with an interaction effect (appendix B). 

Graphical depiction of average rates of core temperature change versus time are 
provided in figure 14. The initial rapid rates of core temperature increase occurred 
during the first IO minutes on the treadmill (simulated preflight inspection). After the 
20-minute treadmill session was completed, the rate of core temperature increase 
diminished but remained positive for a IO-15 minute lag period for all conditions except 
the MOPP4-hot condition. Core temperature increases persisted in the latter condition 
throughout the test session. The oscillations in the core temperature change rates 
exhibit a periodicity of approximately 20-30 minutes which corresponds to the time 
period between standard set of maneuvers and MATB performance testing versus 
flying NOE and contour. 

While taking the IO-minute MATB computer performance test, the left-seat pilot 
typically moved his/her seat back all the way. This moved that pilot out from directly 
under the bank of overhead heat lamps (see figure 15). It is possible that this partially 
accounted for the core, and in similar manner, skin temperature (see below) 
oscillations. Core temperature change rates for the worst case test session, MOPP4- 
hot, became largely negative after the tenth IO-minute time interval due to an averaging 
effect between those volunteers who were removed from the test conditions due to 
reaching core temperature limits and were recovering, versus those who were more 
heat tolerant and able to continue longer in the heated simulator. 

Mean total body heat storage in watts was calculated from the average core 
temperature profiles for each of the test conditions, mean test subject weight (78.8 kg), 
and a specific heat for average body tissue of 3.49 kJ/kg*C. The heat storage profiles 
for the cool (70°F) conditions were very similar (figure 16). For the MOPPO and 
MOPP4 uniforms, there were 319 and 347 watts, respectively, of heat storage during 
the 20-minute walk on the treadmill. After completing the treadmill session, heat 
storage declined back to zero (baseline). In the hot conditions, however, heat storage 
increased throughout the test sessions. The rate of increase in heat storage in the hot 
condition was much higher for the encumbered MOPP4 uniform. Estimated maximum 
heat storage in the hot condition for the MOPPO and MOPP4 aviator ensembles were 
627 and 1445 watts, respectively. However, note that since core temperatures were 
primarily increasing during those test conditions, and because the calculation used a 
rectangular integration formula, these last two heat storage results are probably slightly 
overestimated (also see section on Fluid balance and dehydration on page 38). 

Core temperature was also measured in eight test subjects with an ingestible 
temperature sensing and transmitting pill. As indicated in table 4, the core temperature 
pill data were often inaccurate in comparison to the rectal probe. Figure 17 also 
provides statistics regarding the relatively numerous instances of obviously spurious 
temperatures or transient signal losses. Overall, 24 percent of the downloaded data 
from the CorTemp * pill data logger consisted of error messages. Temperatures from 
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Figure 18. Skin temperature graphs 
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Figure 23b. Hot spot itensity charts (cont.). 
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the four test conditions are provided in figures 24a and 24b. Progressive increases in 
rating with respect to time (or equivalently, core temperature or heart rate, which also 
rapidly increased as functions of time in the MOPP4-hot condition) were most 
prominent during the MOPP4-hot condition. The repeated measures MANOVA and 
ANOVA results (figure 25 and appendix B) indicate that the encumbered MOPP4-hot 
condition was associated with significantly higher ratings for workload, composite 
stress, and heat stress, as well as for adverse symptoms such as nausea, dizziness, 
headache, and thirst. The encumbered MOPP4 ensemble also seemed to elicit a 
dysphoric mood response as reflected in higher ratings for depression and anger 
compared to the ABDU test conditions. Interestingly, in the encumbered MOPPLF-hot 
condition, boredom ratings diminished over time in the simulator compared to the other 
conditions where it remained relatively constant. Conversely, ratings for other mood and 
symptoms increased quite prominently with respect to time in the MOPP4-hot condition. 

POMS 

The results from the mood and symptoms questionnaire were corroborated with the 
results of a standard POMS questionnaire that was completed by all test subjects 
immediately prior to and after each test session (appendix B and figure 24). The POMS 
results are depicted in figure 26 as average differences (pre-minus posttest session) 
across the four test conditions for the seven mood state scores. Positive values indicate 
lower values for a mood state after testing, whereas negative values correspond to 
larger POMS states values after testing. Pre minus post differences were used primarily 
to improve the readability of the graphical representation of the results. Vigor score 
changes were slightly less for hot and encumbered MOPP4 conditions. Changes in 
anger-hostility, fatigue-inertia, tension-anxiety, depression-dejection, and total mood 
disturbance scores were all larger for the encumbered MOPP4-hot condition. 

The TLX questionnaire was administered every 30 minutes to the right seat pilot 
immediately after completion of each set of standard maneuvers, and to the left seat 
pilot immediately after completion of each IO-minute MATB. TLX questions were 
evaluated individually; composite TLX index values were not calculated. Mean ratings 
for the TLX questions across conditions are depicted in figure 24 and appendix B. 
These results indicated that flying the simulator and performing the MATB aviation- 
related psychomotor tasks were perceived as more physically and mentally demanding, 
required more effort, and caused greater frustration for the encumbered MOPP4-hot 
condition than during the other three conditions (figure 27). 

Correlations and regressions 

There were no correlations with a magnitude greater than 0.65 between 
characteristics of the volunteer aviators (age, height, weight), training (PT scores, heat 
illness prevention training), and flight hours (total, UH-60, and simulator) with composite 
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flight scores for the eight maneuvers or flight modes (HOV, HOVT, SL, LCT, LDT, 
RSRT, NOE, and Contour). Most of the significant (~~0.05) correlations between these 
variables were less than I* 0.301 (appendix C). Such correlations are considered small 
and are not usually of practical importance. The largest significant correlation (I - 
0.63891) between total UH-60 flight hours and composite score for the LCT maneuver 
was isolated, and presumably due to chance as a result of performing multiple 
exploratory post-hoc correlations. 

Similarly, the magnitude of the significant correlations between aviator 
characteristics, training, and flight hours with physiological responses ( maximum core 
temperature and heart rates, sweating rates, dehydration, and skin temperatures) were 
all less than 0.30, implying no meaningful correlations between those sets of variables 
(appendix C). 

Maximum core and chest temperatures were and highly correlated (0.82). Maximum 
heart rate correlated maximally with maximum core temperature (0.66) and weighted 
mean skin temperature (0.67). As one would expect, percent dehydration was most 
highly correlated with sweating rate (0.69) while the latter was most correlated with 
maximum core temperature (0.75) and weighted mean skin temperature (0.73). The 
correlations between skin temperatures at the four different sites (chest, arm, thigh, and 
lower leg) were in the range 050.8. All these correlations were statistically significant. 

Forward stepwise multiple regression analysis revealed that 57 percent of the 
variation in maximum heart rate for the volunteer aviators across all test sessions could 
be attributed to maximum weighted mean skin temperature, ambient temperature, and 
age, in that order. Height, weight, and PT score were less important, explaining an 
additional 8 percent of the variance. Forward multiple regression also showed that 80 
percent of the variance in maximum core temperature could be predicted by weighted 
mean skin temperature (or chest temperature) and sweating rate. 

Discussion 

Aviators wearing the current encumbered MOPP4 aviator uniform in the hot condition 
incurred significantly more physiological and psychological strain as reflected in the 
dramatically elevated core temperature and heart rate profiles when compared to the 
ABDU MOPPO-cool condition. Responses for mood and symptoms, POMS, and TLX 
questionnaires indicated significantly increased discomfort, stress, and increased 
perceived workload for the MOPP4-hot condition. During the encumbered MOPP4-hot 
condition, physiological and psychological stress and strain became intolerable and 
caused endurance time to be reduced by approximately 67 percent, from 309 to 107 
minutes. Endurance in the MOPP4-hot condition was, on average, only 33 percent of 
endurance times in the other, less severe conditions. Core temperatures rose rapidly 
when the study volunteers were in the encumbered MOPPLF-hot condition. 

53 



The sweat and fluid balance data indicated that the rapid and sustained increase in 
core temperature in the encumbered MOPP4-hot condition was due largely to the 
resistance of the multiple layers of the uniform to the effective evaporation of sweat. 
Rates of sweating and sweat retained in the uniform while in the encumbered MOPP4- 
hot condition were both approximately 1 liter per hour greater than in any of the other 
three test sessions. The 1 liter per hour of retained sweat represented a loss of 580 
watts per hour of potential evaporative cooling power. 

The encumbered MOPP4 uniform caused increased ratings for discomfort and 
distraction from pressure points about the head due to the mask and helmet. While 
wearing the MOPPO ABDU flight uniform, the majority of pressure points were from the 
back and buttocks due to the longer flight endurance with prolonged sitting. 

Comparison of results with previous USAARL heat stress studies 

Knox et al. (1982) conducted an in-flight evaluation of heat tolerance and CD aviator 
ensembles using USAARL’s UH-1 research helicopter. The U.S. ensemble consisted of 
a two-piece Nomex flight suit, two-piece charcoal cloth laminated chemical defense 
overgarment, mask, hood, and rubber gloves, SPH-4 flight helmet, and combat boots. 
The insulation and permeability values of that ensemble were 2.57 (clo) and 0.29 (i,) 
respectively. Mean cockpit WBGT during the test flights was 29°C (84.2”F). This was 
equivalent to a category Ill heat stress level, whereas the hot condition for the present 
study (90°F WBGT) represented the lower limit of the highest WBGT heat stress level, 
category V. Average in-flight tolerance times in the 1982 UH-1 study were 3.17 hours 
for the MOPP4 ensemble versus 3.89 hours for the MOPPO Nomex flight uniform. 
Consistent with the higher ambient WBGT used in the present study, mean tolerance 
time for the volunteer aviators was only 1.78 hours for the MOPP4-100°F condition. 

In the 1982 UH-1 study, mean heat stress tolerance time associated with wearing 
their MOPP4 ensemble was disproportionately depressed by a subgroup (cluster) of 
aviators who were heavier (90 vs 75.3 kg), older (33.5 vs 23.0 years), and less fit than 
the subgroup who were able to complete the missions. Among the heat intolerant 
aviators in the UH-1 study, core temperature and heart rate increased more rapidly 
compared to those in the tolerant subgroup. The latter established relatively stable 
tolerable plateaus for core temperature and heart rate. We did not experience this effect 
in our study, none of the correlations between pilots’ age, height, weight, PT score, or 
previous flight experience and tolerance time in the MOPP4-100°F condition reached 
statistical significance. 

Average sweat loss in the 1982 UH-1 heat stress study was 0.95 liters (98 percent 
evaporated) for those wearing the MOPPO and 1.29 liters (only 36 percent evaporated) 
for those wearing the MOPP4 ensemble. Therefore, the greater water vapor 
impermeability and absorptivity of the MOPP4 ensemble prevented the use of 270 kcal 
worth of evaporative cooling from sweat that was not evaporated due to absorption 
retention in the ensemble. 
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The present study demonstrated that, during the 100°F condition, average sweat 
losses in the MOPPO ABDU were 0.2 liters (54 percent evaporated) and in the 
encumbered MOPP4 over ABDU 1.48 liters (26 percent evaporated). Comparison 
across the two studies is difficult, because in the 1982 UH-1 study, humidity was not 
measured and ambient temperature was not a controlled factor. Obviously, lower 
values of average cockpit humidity in the UH-1 study versus our study could explain a 
considerable portion of the differences in percent of evaporated sweat. 

Responses to the mood-state questionnaire administered during the 1982 UH-1 in- 
flight heat stress study did not reveal significant correlations with heat stress levels. The 
authors also noted a “dissociation between level of cognitive function and reported 
mood.” Likewise, self-reported mood states were not considered, on average, a 
sensitive correlate of the measured physiological indicators of heat strain. In the 
present study, mood and symptoms questionnaire ratings, POMS mood category 
scores, and TLX scores also correlated poorly (~0.70) or not at all, with physiological 
responses such as maximum core temperature, sweating rates, and skin temperatures. 

In another, relatively recent study, Thornton et al. (1992) evaluated the effects of 
heat stress on aviators wearing the aircrew uniform integrated battlefield (AUIB) 
MOPP4 ensemble. Nineteen aviators between 21 and 39 years of age participated in 
that study. It was conducted using both cool and hot cockpit conditions. The temperate 
condition had a dry bulb temperature of 21 “C (70°F) with 50 percent RH resulting in a 
WBGT of 16.8% (62.2”F) - heat stress category 0. The hot condition had a dry bulb 
temperature of 35°C (95°F) with 50 percent RH resulting in a WBGT of 29.4% (84.9”F) 
-- the upper limit of heat stress category 2. Each 6-hour flight session in the USAARL 
UH-60 simulator was preceded by a 20-minute walk on a treadmill in a heated room on 
(- 375 watt metabolic rate). That was done to simulate the exertional thermogenic 
effect of a routine UH-60 preflight inspection. 

Compared to Thornton’s study, this study used a shorter simulator flight scenario (4 
hours) to alleviate the boredom associated with Thornton’s 6-hour scenarios (used in 
earlier research). We also performed the same simulated preflight using two treadmills. 
However, we used an environmental chamber for the simulated preflight and therefore 
had better control over temperature and humidity. The average calculated metabolic 
rates for the pilot volunteers in this study (using 3 mph, 0 grade, and average 
undressed pilot weight of 78.8 kg) were 357 watts when wearing the unencumbered 
MOPPO ABDU flight uniform (8.07 kg load) and 426 watts when wearing the 
encumbered MOPP4 ensemble (25.94 kg load). 

In Thornton’s 1992 heat stress study, when the volunteer aviators wore the MOPP4 
AUIB in their hot condition (two WBGT heat stress categories less than ours), mean 
heat stress tolerance time was 298 minutes (almost 5 hours). One test subject 
withdrew after only 1 hour. Fifty percent of the test subjects were able to complete the 
entire 6-hour flight scenario. The ones with shorter tolerance times tended to be 
heavier, older, and had greater rates of sweating and dehydration. The latter suggests 
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that those with lower endurance times probably were well acclimated. However, 
increased sweating rates while wearing the occlusive AUIB MOPP4 ensemble did not 
provide a thermoregulatory advantage since most of the additional sweat did not 
evaporate and therefore contributed to dehydration but not cooling. The AUIB study 
data also indicated that the increased sweating rate was not matched with 
proportionally increased water intake. Dehydration can reduce tolerance time by 
causing reduced cardiovascular reserve and fatigue. 

In our study, mean tolerance time in the MOPP4-100°F condition was 107 minutes 
with no statistically significant correlations between tolerance times and weight or age 
even though there was substantial variability in those measures. 

In Thornton’s 1992 study, core temperature increased significantly (1.8% or 3.4”F) 
and heart rate rose consistently above 100 beats per minute only during the MOPP4 
AUIB-95°F conditions. Mean skin temperature in the MOPP4 AUIB-95°F condition 
rose almost 2°C (3.6”F). Lesser elevations in skin temperature were noted for the 
MOPP4 AUIB in cool and MOPPO standard flight uniform in hot conditions, in that 
order. Sweating rates varied from 90 cc/hr in the standard-cool condition to 600 cc/hr in 
the MOPP4 AUIB-95°F condition. By the end of the MOPP4 AUIB-95°F scenario, the 
test subjects had accumulated, on average, a 1 to 1.5 liter fluid intake deficit. 

In the present study, core temperature in the encumbered MOPP4-100°F condition 
increased by the same amount (due to reaching the core temperature limit), but over a 
shorter period of time. Average maximum heart rate during the simulator sorties for the 
encumbered MOPP4 and the MOPPO ABDU uniforms in the hot condition were 143 
(range: 170-I 19) and 100 (range: 122-73) bpm, respectively. Weighted mean skin 
temperature for the MOPP4-hot condition rose to 101 “F (approximately 11 “F greater 
than for the baseline MOPPO-cool condition). Sweating rates in this study were also 
higher than those in the 1992 AUIB study. Our aviators sweated an average of 92 cc/hr 
in the baseline MOPPO-70°F condition and increased to 1523 cc/hr in the encumbered 
MOPP4-100°F condition. By the end of the MOPP4-100°F condition, the volunteer 
aviators had accumulated an average of 1.93 liters fluid intake deficit (2.45 percent 
dehydration). 

In Thornton’s 1992 study, questionnaire data indicated that the AUIB MOPP4-95°F 
condition evoked the greatest temporal progression of fatigue. Post-flight 
questionnaires regarding the fit and comfort of the flight ensembles showed that the 
aviators had difficulty drinking water and impaired visibility while wearing the M43 CB 
protective mask. Other problems reported by the study participants included 
bothersome encumbrance and restriction of movements due to the thickness of the 
AUIB MOPP4 ensemble in conjunction with the SARVIP and ballistic protection plates. 

Results from this study revealed similar findings. POMS questionnaire data showed 
significant effects for both temperature and uniform with greater fatigue scores for the 
100°F condition and the encumbered MO!:4 ensemble. Ratings on the mood and 



symptoms questionnaire showed only a uniform effect, with higher ratings for visual 
difficulty in the encumbered MOPP4 ensemble when the aviators were wearing the 
M43Al CB mask. 

Conclusions 

In the hot condition (lOOoF, 50% RH, and overhead bank of heat lamps to partially 
simulate solar radiation), the current 2-piece ABDU and SARVIP with BDO and other 
MOPP4 components additionally encumbered with ballistic protective chest plate and 
overwater survival gear compared to the unencumbered MOPPO ABDU flight uniform 
significantly decreased mission endurance from the fully completed mission time of 309 
minutes (range: 347-288) to 107 minutes (range: 154-40). This was due to increases in 
core temperature (0.73”F/hour), physical discomfort, psychological stress, and 
adversely affected mood. Heavy sweat rates (1523 cc/hour) lead to greater amounts of 
dehydration (2.25 percent) which added to the discomfort. The encumbered MOPP4 
ensemble was consistently rated as uncomfortable and cumbersome. Mask and helmet 
pressure points were prevalent, and the heavy ballistic protective vest caused stress on 
the shoulders while ambulating. Many of the aviators had difficulty maintaining the 
mask eyepieces properly centered over their eyes. The encumbrance and thickness of 
the ensemble, in some cases, also restricted the range of cyclic movements 
(particularly aft) while on the controls in the UH-60 simulator. 

Based on these results we recommend that the various components of the 
encumbered MOPP4 ensemble be modified to be lighter weight and more permeable to 
sweat. The ballistic protective plate, in particular, should be lighter weight and reduced 
in thickness if at all possible. An alternative would be to modify the ballistic plate in 
such a manner as to prevent it from resting directly on the chest. This would help 
maintain the chest-clothing air space thereby improving convective heat transfer and 
evaporation of sweat from that critical area. Methods should also be sought to improve 
fit and comfort for the mask and helmet as well as to prevent discomfort over the back 
due to pressure from the life raft. A pilot controllable microclimate cooling system, e.g., 
using forced dry cooled air directed into the encumbered MOPP4 ensemble, should be 
considered for reducing heat accumulation and increase endurance when wearing the 
MOPP4 ensemble during hot weather operations. See Pandolf, et. al (1995) for a 
recent review of general issues and performance capabilities (e.g., nominal cooling 
rates) of alternative microclimate cooling systems. 
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ApDendix A. Data Tables 









Table A-3. 

Calculated metabolic rate during preflight simulation (in watts). 

CALCULATED 

1 279.1211 

2 360.0424 

3 314.8527 

4 384.4420 

5 373.3867 

7 403.0147 

8 350.4552 

9 392.5795 

10 409.6948 

11 362.1270 

12 358.7917 

13 359.0001 

14 366.0882 

15 303.6246 

16 337.7477 

17 365.2542 

AVERAGE 357.5139 

STANDARD DEV 35.0949 

STANDARD ERROR 8.5118 

IETABOLIC RATE DI 

ABDU, 70 

ZING PREFLIGI- 

ABDU, 100 

282.8556 

360.0424 

311.5250 
376.7238 

372.3440 

401.5536 

349.2050 

394.4576 

410.7386 

358.7917 

356.4989 

357.7494 

363.3778 

306.1190 
336.2900 

372.7611 

356.9396 

34.4931 

8.3658 

SIMULATION lin Watts1 

- 
MOPP4,70 

357.4602 

429.5401 

384.7543 

445.6079 

439.2004 

466.7321 

419.3697 

463.0000 

479.3478 

428.3850 

424.9253 

425.5013 

435.9092 

379.6033 
407.9533 

434.3628 

426.3533 

32.1867 

7.8064 

MOPP4,lOO 

359.7582 

426.6541 

387.8989 

443.0809 

442.1099 

465.5529 

422.6236 

456.7291 

477.5697 

431.0817 

423.5822 

427.8078 

436.6830 
375.9467 
405.8726 

435.1358 

426.1304 

31.3195 

7.5961 
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Table A-4. 
Maximum and minimum skin temperatures. 
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Amendix B. MANOVA and ANOVA Results Tables 
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Table B-2, 
General MANOVA for physiological data. 

Heart Rate 
Summary of All Effects 

Wilks’ Lambda Rae’s dfl s!u p-level 
0.00759 313.8!%% 5 12 0.0000 
0.02389 98.0428 5 12 0.0000 
0.01034 229.6922 5 12 0.0000 

Core Temperature 
Summary of All Effects 

Wilks’ La- Rae’s dfl df.2 p-level 
0.00001 301268.0938 5 11 0.0000 
0.00003 75876.6983 11 o.oooo 
0.00001 271658.4375 ..x 11 0.0000 

Sweat and Fluid Balance 
Summary of All Effects 

Rae’s dfl df-2 D-level 
Temperature 0.05073 21.8314 6 7 0.0003 

Uniform 0.03756 29.8970 6 7 0.0001 
Temperature and Uniform 0.10345 YO.1107 6 7 * 0.0037 

a ,. 







. -. 
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Amendix C. Correlation Tables 
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Table C-6. 
Correlations of questionnaire data: Task load index vs. demographics. 

-lT 

HT 

:ORE 

STRESS TRAINING 

L FIGHT TIME 

FLIGHT TIME 

L SIMULATED FLIGHT 

x?M 

‘ERATURE 

‘AL DEMAND 

#ICAL DEMAND 

‘ORAL DEMAND 

ORMANCE 

RT 

,TRATION 

Shaded Correlations Are Significant At p< .05 



HEAT STRESS TRAINING 

TOTAL FIGHT TlME 

“HM) FUGHT T,ME 

TOTAL SIMULATED FUGHT 

UNIFORM 

TEMPERATURE 

HEADACHE 

UAUSEA 

STRESS 

ANGER 

DEPRESS 

ENERGY 

HEAT STRESS 

THIRST 

WORKLOAD 

BOREDOM 

DlZZlNES 

YlSUAL DIFFICULTY 

AGE 



48 

WEAT LOSS PER HOUR 

N TEMPERAWRE 

M TEMPERAlURE 

ES, TEMPERATURE g 

a 

2 
IO” TEMPERATURE 

: 

a 

G TEMPERATURE 3 

E 

B 

z 

E ANGERHOSTIUTY 

ETENSION.ANUElY 

E CONFUSION-BFWLDERMENT 

RE ,,EPRESSlONOEJECTlON 

RE TOTAL MOOD MSNRSINCE 

OS, ANGERHOSTiUPI 

w 

OST ,ENSlONANXlElY 

OST CONFUSION-SEWLDERMEM 

OST DEPRESSlONOEJECnON 

0.9 TOTAL MOOD DISTURBANCE 



Table C-9. 

Correlations of questionaire data: Task load index vs. physiological. 

Shaded Correlations Are Significant At p5 .05 

MAX CORE TEMP 
SWEAT LOSS PER HOUR 
% DEHYDRATION 

SKIN TEMPERATURE 
ARM TEMPERATURE 
CHEST TEMPERATURE 
THIGH TEMPERATURE 
LEG TEMPERATURE 
MENTAL DEMAND 
PHYSICAL DEMAND 
TEMPORAL DEMAND 
PERFORMANCE 
EFFORT 
FRUSTRATION 
MAX HEART RATE 



Table C-l 0. 
Correlations of questionaire data: Mood symptoms vs. physiological. 

MAX CORE TEMP 
00 SWEAT LOSS PER HOUR 
4 % DEHYDRATION 

SKIN TEMPERATURE 
ARM TEMPERATURE 
CHEST TEMPERATURE 
THIGH TEMPERATURE 
LEG TEMPERATURE 
HEADACHE 
NAUSEA 
STRESS 
ANGER 
DEPRESS 
ENERGY 
HEAT STRESS 

THIRST 
WORKLOAD 
BOREDOM 
DIZZINESS 
VISUAL DIFFICULTY 

Shaded Correlations Are Significant At p6 .05 



Table C-l 1. 
Correlations of time in MOPP4 100°F condition vs. demographics. 

Marked correlations are significant at p < .05000 
N=17 (Casewise deletion of missing data) 

LGE 
IEIGHT 
l/EIGHT 
‘T SCORE 
IEAT STRESS TRAINING 
‘OTAL FLIGHT TIME 
IH60 FLIGHT 
‘OTAL SIM. FLIGHT TIME 
‘IME IN UNIFORM 



Appendix D. Test Session Run Identifiers 
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Fields 1-2: 

Fields 3-4: 

Field 5: 

Field 6: 

Field 7: 

Field 8: 

Field 9-l 0: 

Simulator Test Session Run Identifier 

The two digit number of the test subject in the right hand pilot seat 

The two digit number for the day ranging from 0 l-2 1 

The one digit number for the run 

The one letter designation for the temperature 
C= moderate temperature 
H= hot temperature 
T= training 

The one letter designation for the uniform 
S= standard, ABDU uniform 
M= MOPP4, encumbered, current Air Warrior ensemble 

The one letter designation for the profile 
A= air assault 
M= medevac 

The two digit number of the test subject in the left hand pilot seat 
99 = no one in this seat 

Time Stamps: 0 = pilot is flying 
l= copilot is flying 
2= pilot mask off 
3= pilot mask on 
4= copilot mask off 
.5= copilot mask on 
9= crash 
(Effective 04-24-96) 

The ten-place alphanumeric simulator test session run identifier was entered into the VAX by the 
simulator operator for physiological and flight performance data collection. The run identifier 
was associated with the Hawk marker files and was used to query and generate segment files for 
data analysis. Fields 1 and 2 represent the test subject in the pilot seat. Fields 3 and 4 represent 
the day of testing or training. Field 5 is the run number. Field 6 is the one letter designation for 
the temperature condition. Field 7 is the one letter representation of the uniform condition. Field 
8 is the one letter designation for the flight scenario. Fields 9 and 10 represent the test subject in 
the co-pilot’s seat. In addition to the run identifier, time stamps were also entered by the 
simulator operator to indicate when controls were changed out during nonstandard maneuvers, 
when the pilots removed or replaced their mask, and when crashes occurred. 
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Appendix E. Questionnaires 
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Attt I-ttLINti tll~li I NUW. - . 

3. Angry .___. ..@OOOO 27. Rds:less ..@0000 

I 

51.221:. .._. 0000 * 

4. wcrn ou: ..OOOOO 26. Unable :o concentrate 00000 52. Cec+ed 4 OOOOOi 

5. Unhappy ..,@oa@@ 29. Fatigued .@o@@@ 53.Fur:ccs @a%@@ 

6. Clear-heated ._. _, .@o@@@ 30. Helpful. .:. .oaooo 3. E::;c:+c:. _. .,..__ 00000 

7. Lively. .___, @aa@@ 31. Annoyed. _._. .:.. 00000 55. T;us:in9 _... __ .OOOO@ 

8. Confused. .._, .@o@@a 32.DisccuraSed _.. 00000 55.F2Il of pep... _._.. .-I.. 0000~ 

9. Sorry for thinjis done .@a@@0 33.Resent:ul. .__ ..:@o@@@ 57. Bed-tendered.: 1. :. __ .@a@@c 

10. Shaky. .._.___. @a@@@ 34. Nervous.. _. _. 00000 56 Wor:hless ._...___._._._. OOO@@ 

ll.Listless __....___..__., @o@@@ 35.Lonely __._.__,__._ . ..@a@@@ 59.For~etful___._..___._..__ @0@@@ 

12.Peeved.. ._ _._. @a@@@ 36. Miserable ..____.._... 60.Carefiee: .._._....__,___ @DO@@ 

13. Considera:e. @o@@@ 37.Muddled .......... ..@a@@ @ 61. Terrified ....... ........ @@@@ ‘ - ......... 

74. Sad @a@@@ 38. Cheerful ..@o@‘o @ I ............... ............ ,62. Guilty ................. 4 @@@@G 

1.5. Ac!ive 00000 39.8itfer __..,..._...._.__ 00003 63. ViGorous... _._...__._.. @OOO~ 

16.0” e&e .._..._._. @a@@@ 40. Exhaus:ad __.. ._ . ..@a@@@ 64 Unc rta11 about things .@o@@G .. e ‘. 

17.Grouchy . . . .._....__ @a@@@ 41. Anxious ._._..._,__.._ @a@@@ 65.Bushed __._____.....___, @a@@@ 

18. Blue .._ _._..__......_ @a@@@ 42.Aeady to light ___.. . .@o@@,? MAKE SURE YOU HAVE . . 

19. Energetic ___._._.._._. @o@@@ 43.(;oodnatwed. .@)o@@@ 
AIU‘SWERED EVERY ITEM. 

20. Paricky 
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Appendix F. Data Collection Forms 



AIR WARRIOR TS WEIGHT & FLUID BALANCE WORKSHEET (rev.O4-23-96) 

Today’s Date: 
Uniform: 0 standard flight 0 Air Warrior 
Activity: 0 training/acclimatizing 0 testing 
Environmental condition: 0 moderate (7O”F, 50%rh) 

Test Subject No.: 

0 hot (lOOoF, 50%rh) 

J-PRETEST: 
0 Nude weight kg 

,*POSlTEST: 
0 Clothed & instrumented weight: kg 

0 Clothed & instrumented weight: kg Cl Nude weight kg 

a- URINE OUTPUT: (Formula Number 7) 

Formula 
Number 

Time of 
urination 

Empty Specimen 
Container Wgt 

(kg) 

Full Specimen 
Container Wgt 

(kg) 

Full Wgt - 

Empty Wgt 
(kg) 

I- FLUID INTAKE: (Formula Number 5) 
I I I I I I 
1 Formula 1 Time of 1 Fluid Container 1 Initial 1 Final 1 Initial - Final 

Number intake Label Name or # Wgt 
(kg) 

After pre- 
nude 

8 After pre- 
clothed 

Wst (kg) I 

8 

After post- 
clothed I I 

s- FOOD INTAKE: (Formula Number 6 and 9) 
I- I I I 1 

Type of Food Initial 

Wgt 
(kg) 

Final 
Wgt 
(kg) 

Initial - Final 

(kg) 
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AIR WARRIOR TS MONITORING & BACKUP DATA COLLECTION FORM 

Today’s Date: 

Uniform: 0 standard flight 

Test Subject No.: 

0 Air Warrior 

Activity: 0 training/acclimatizing 0 testing 

Environmental condition: 0 moderate (7O”F, 50%rh) 0 hot(lOO"F, 50%rh) 

Estimated max heart rate: 90% max: 80% max: 

Cabin Core 
Entry Clock Timer temp RH Heart temp Test Subject 

# time time (“F) % rate (“C) Activity Comments 

Enter heart rate & core temp every 10 mins. Limits: core temp =102.5F (39.2C), heart rate not more than 90% of predicted max. 
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Appendix G. Checklists and Procedures 
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Sensor application proceedure 

1 .Apply Benzion to area of chest where first sensor is to be placed. 
2.Make a loop in sensor lead and tape down approx. 2” from where sensor is to be placed. 
3.While holding sensor in place with a cotton swab,pour a small amount of Colloidon on and 
around the sensor. 
4.Using the air pump, air dry the Colloidon.When dry tape down the sensor. 
5.Repeat these proceedures for each sensor,placing the 2nd sensor on the upper arm mid way 
between the elbow and the shoulder (thread sensor up under T-shirt and out through sleeve),the 
3rd on the outside of the thigh mid way between knee and hip,the 4th on the outside of the lower 
leg on the calf muscle. 

6.Place the EKG sensors on the chest ,one on each side of the upper chest and one on the right 
side. of the chest just over the last rib. 
7.Attach the leads to the sensors,right arm to the right upper chest,lefi arm to the left upper chest 
and right leg tothe right lower chest. 

8. Assist the test subject dressing,assuring no leads pull lose. 
9. Tape excess wires together leaving ends free to allow for disconnect and reconnect. 
lO.After placing Squirrel in the carrying case connect leads to the Squirrel. 
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Appendix H. Manufacturers and Product Information 

101 



Beckman Industrial Corporation 
4200 Bonita Place 
Fullerton, California 92635 

Biosig Instruments, Incorporated 
P.O. Box 860 
Champlain, New York 12919 

Human Technologies, Incorporated 
1325 Snell Isle Boulevard, North East 
Suite 204 
St. Petersburg, Florida 33704 

Microsoft Corporation 
P.O. Box 72368 
Roselle, Illinois 66172-9900 

NASA 
Langley Research Center 
Hampton, Virginia 236655225 

Precision Sciences Inc 
3737 West Courtland Street 
Chicago, Illinois 60647 

Reuter-Stokes 
465 Dobbie Drive 
Cambridge, Ontario, Canada Nl R 5X9 

Science Electronics 
P.O. Box 986 
Dayton, Ohio 45401 

SPSS Inc 
444 North Michigan Avenue 
Chicago, Illinois 60611 

Statsoft 
2325 East 13th Street 
Tulsa, Oklahoma 74104 

RTD Temperature Probe 
Calibrator/Indicator 

R-wave Counter 

CorTemp System 

Microsoft Office Professional 

Multi-Attribute Task Battery 

Shaking Water Bath 

WBGT Logger 

Squirrel (Grant) Data Logger 

SPSS Statistical Software 

Statistica Software 
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Unisource Worldwide Inc 
P.O. Box 958 
Valley Forge, Pennsylvania 19482 

Vermont Medical Inc 
Industrial Park 
Bellows Falls, Vermont 05101-3122 

Yellow Springs Instrument Company 
P.O. Box 279 
Yellow Springs, Ohio 45387 

Mint-A-Dish Disinfectant 

ECG Pads 

Rectal and Skin Thermistors 

103 








